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Abstract
Lower mean and reduced fundamental frequency (F0) variation
are speech-related markers of depression in adults. Using the
Future Proofing Corpus, F0 differences in contours, variation,
and creakiness were examined in read aloud sentences produced
by 14 Australian adolescent female speakers with and without
depression. Contrary to known F0 markers of depression, the
current study found no evidence for speakers with depression
producing lower or less varied F0 than speakers without de-
pression, potentially due to other factors (e.g., age, puberty)
masking depression-related F0 differences. However, speak-
ers with depression were significantly more likely to produce
creaky voice than their peers without depression.
Index Terms: Australian English, corpus phonetics, creaky
voice, F0, mental health, paralinguistics

1. Introduction
Depression has a prevalence rate of 15% among Australian ado-
lescents [1]. The Future Proofing Study (FPS) examines factors
associated with mental health conditions, including depression,
during adolescence using big data [1]. The FPS collected de-
mographic and mental health information using surveys, as well
as audio recordings to capture speech markers of mental health
conditions [1, 2]. The FPS corpus contains speech data suit-
able for acoustic analysis of changes in speech associated with
depression.

Changes in speech, such as lower speech rate, increased
hesitation markers, and lower and less varied intonation, are
frequent speech markers of depression [3, 4]. In adults, clini-
cal literature describes the voice of speakers with depression as
“low”, “monotonous”, and “toneless” due to listeners auditory-
impressionistic perception of patients with depression as hav-
ing lower and less varied pitch [4]. In line with the perceived
low pitch of speakers with depression, overall fundamental fre-
quency (F0) was quantitatively found to reduce with depression
severity in adults [5, 6]. Similarly to adults, adolescent male
speakers with depression produced lower mean F0 compared
to adolescents without depression when discussing a series of
topics, such as event planning or conflict resolution [7]. In
contrast, adolescent female speakers with depression produced
higher F0 values compared to their peers without depression,
but only when discussing event planning [7].

Supporting perceptual clinical observations on depressed
voice being “monotonous”, speakers with depression show rela-
tively narrower range, less variation, and slower rate of changes
in F0 in acoustic studies [5, 8]. Speakers with depression pro-
duce less F0 variation based on context and topic compared
speakers without depression [5, 8]. For example, speakers with

depression have less F0 variability differentiating happy, sad, or
angry speech [5]. Speakers with more severe depressive symp-
toms produce less F0 variation to distinguish clear speech from
conversational speech compared to speakers with less severe
symptoms [8]. Reduced F0 variation can be explained by in-
creased muscle tension in the larynx caused by psychomotor re-
tardation, i.e., the slowing of thought and reduction of physical
movements accompanying depression [4]. However, increasing
F0 range and velocity with increasing depression severity has
also been found by acoustic studies [9].

Inconsistent results are attributed to F0 being affected by
multiple factors besides depression, such as feeling agitated or
anxious [7, 10]. For example, patients produced lower F0 af-
ter depression treatment compared to pre-treatment due to feel-
ing more relaxed post-treatment [10]. Despite the inconsistent
acoustic results, perceived pitch may be considered during clin-
ical assessments, and F0 measurements have contributed to the
development of speech-based automatic depression screening
algorithms achieving approximately 70% accuracy [3, 11].

The majority of studies showing F0 differences associated
with depression were carried out on American English adult [4]
and adolescent speech [7, 11]. Despite potential accent differ-
ences in F0, automatic depression detection algorithms can suc-
cessfully classify speech as depressed or non-depressed using
F0 characteristics of Australian English (AusE) speech [12, 13].

The FPS corpus provides self-reported symptoms of de-
pression combined with mobile phone speech data suitable
for developing automatic depression detection algorithms for
a population that may be difficult to access: young adolescents
reporting symptoms of depression. To improve validity and in-
terpretability of such algorithms, we examined F0 patterns of
Australian adolescents with and without depression in the FPS
corpus. We tested whether F0 markers of depression present
in adults are also present in the young adolescents in the FPS
corpus, hypothesising that AusE-speaking adolescents report-
ing symptoms of depression would produce lower F0 and re-
duced F0 variation.

2. Methods
2.1. Corpus description

The FPS corpus contains survey data from 6,388 participants
and 14,498 sound files elicited from 1,062 year 8 students re-
cruited from 134 secondary schools across Australia and col-
lected across multiple timepoints [2]. Participants undertook
the data collection activities on their own time using their
smartphones with no obligation to complete the speech record-
ings, resulting in the different number of participants submitting
survey- and audio data.
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Survey data included demographic information, such as
participants’ age, linguistic- and cultural background; health
information concerning disabilities, drug-consumption and
COVID-19; and a series of mental health symptoms. Symptoms
of depression were measured using the Patient Health Question-
naire for Adolescents (PHQ-A) [14]. PHQ-A ranges from 0 to
27, with higher scores indicating more severe depression; PHQ-
A ≥ 15 was used as the threshold for caseness [1].

Two protocols were used for speech elicitation. The first
protocol included the diadochokinetic /pataka/ task, the Har-
vard sentences [15], the Rainbow passage [16] and was used
from August 2019 to April 2021. The second protocol included
a sustained /a:/; diadochokinetic /pataka/; a prosodic sentence
set designed to elicit different intonation contours associated
with describing movement; an affective sentence set with pos-
itive, negative, and neutral valence designed to elicit emotions;
open-ended question; categorisation; and a creative task asking
participants to list homonyms. The second protocol was used
from April 2021 onwards, until the end of data collection.

Students submitted survey and speech data in a self-timed,
unsupervised manner at a baseline timepoint and at eight
follow-up points [2]. Speech and survey data were submitted to
two different servers and linked via timestamps. The data col-
lection method allowed for delayed submission of speech sam-
ples relative to the survey data. That is, depression severity may
have been different at the time of audio recording than what was
reported in the survey.

2.2. Corpus data extraction

To reduce changes in F0 associated with participants going
through puberty during real-time data collection, only sound
files submitted within 31 days of baseline survey data collec-
tion were considered in the analysis. To reduce F0 variation
between speakers due to non-depression-related factors, only
Australian-born cisgender speakers who reported speaking En-
glish at home and reported no disabilities were included.

To select the most suitable speech tasks, we considered con-
straints of phonetic and clinical validity. Only read speech tasks
were considered as they had a uniform format, length, and con-
tents. For clinical validity, we only considered sentence- or pas-
sage reading tasks. To increase the likelihood of capturing F0
differences, we selected the tasks designed to elicit large F0
range and variation. The prosodic sentence set was designed to
elicit F0 variation via the juxtaposition of contrasting motion-
and speed-related words (e.g., The hare quickly went down the
hill vs. The bear slowly went up the hill), consisting of 24 paired
sentences. Out of the 12 pairs, one pair (two sentences) were as-
signed randomly to each participant. The affective sentence set
contained 10 positive, 10 negative, and 10 neutral sentences, de-
signed to elicit a variety of F0 patterns due to F0 being a key
marker of emotions [17]. Out of the 30 sentences, one posi-
tive, one negative, and one neutral sentences were assigned ran-
domly to each participant. The prosodic and affective sentence
tasks combined provide five sentences per participant.

Out of the 1,061 speakers submitting audio files, 781 sub-
mitted audio at baseline, 574 met speaker inclusion criteria, and
69 submitted the prosodic and affective sentence tasks. Of the
69 speakers, 15 (M = 5, F = 10) reached the threshold for case-
ness of depression. Male speakers were excluded due to the low
number of male speakers with depression in the sample. Three
female speakers with depression were excluded due to low au-
dio quality, and seven were included. The seven included speak-
ers with depression (F = 7) had a mean age of 13.46 years and

reported diverse sexualities (lesbian/bi-/pansexual = 5, hetero-
sexual = 2). As lower F0 is expected to mark both age and de-
pression [18], the 7 adolescents with depression were matched
with 7 female adolescents without depression according to age
(mean = 13.34 years). As lesbian sexual orientation may be in-
dexed in other languages by lowered and less varied F0 [19, 20],
the markers of depression under investigation, the 7 adolescents
without depression matched the group with depression accord-
ing to sexuality (diverse = 5, heterosexual = 2).

In line with analysis of the survey responses of the baseline
cohort (6,388 participants), speakers with depression were more
likely to be female than male and more likely to identify with
diverse sexualities than identify as heterosexual among partici-
pants submitting speech data [1].

2.3. F0 analysis

A total of 14 (speakers) × 5 (sentences) = 70 sentences were
included in the analysis. F0 analysis followed the protocol rec-
ommended for semi-automatic F0 estimation [21]. Recorded
sentences were force-aligned automatically using the Montreal
Forced Aligner with a British pronunciation dictionary and a
multi-accented acoustic model; manual correction was not com-
pleted to improve replicability [22, 23]. F0 values were esti-
mated automatically and overlaid on spectrograms for visual in-
spection at every 37.5 ms between 20 Hz to account for creaky
voice and 600 Hz to account for adolescent female speakers
having high F0 [21, 24]. F0 estimates were time-aligned with
the automatic phonetic segmentation; F0 values estimated dur-
ing non-sonorant segments were excluded [21]. F0 variation
was captured as the absolute value of F0 difference between F0
measured at the end of a sonorant interval and F0 measured at
the start of the following sonorant interval.

2.3.1. Automatic creak detection

As young AusE speakers are likely to produce creaky voice, au-
tomatic creak detection was applied to the data by visualising
each speaker’s F0 distribution using histograms [21, 25, 26].
Creaky voice was identified in bimodal distributions,by the
presence of a second peak with a lower mode, separated from
the higher peak of modal voice by an anti-mode [26, 21].

The number of modes was determined using the excess
mass test in the antimode library of R and visual inspection
[27, 28, 29]. When both excess mass test and visual inspec-
tion indicated bimodal F0 distribution, the speaker was con-
sidered to have produced creaky and modal voice. When the
excess mass test indicated bimodal F0 distribution, but visual
inspection suggested that the F0 distribution was right-skewed
rather than bimodal, the speaker was considered to have pro-
duced modal voice. When neither the excess mass test nor
the visual inspection indicated bimodal distribution, the speaker
was considered to have produced modal voice. F0 values pro-
duced below the anti-mode in bimodal distributions were rated
as creaky (Figure 1a). For all other speakers, F0 values below
132 Hz threshold were rated as creaky (Figure 1b) [26].

Average F0 of modal voice in the current FPS data pro-
duced by 12-14-year-old female speakers fell between that of
11-year-old prepubescent female speakers and 18-29-year-old
adult female speakers (11-year-old = 248 Hz; 12-14-year-old =
237 Hz, 18-29-year-old = 206 Hz) [18, 26].
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(a) Predominantly creaky voice produced by a speaker with depression.
60% of the F0 estimates identified as creaky and 40% as modal.

(b) Predominantly modal voice produced by a speaker without depression.
2.9% of F0 estimates identified creaky and 97.1% as modal.

Figure 1: The sentence I heard loud laughter while I sat on the park bench produced by two speakers, overlaid with automatic segmen-
tation (pink) and F0 contour (creaky: red, modal: blue).

2.4. Statistical analysis

As automatic creak detection indicated a potential difference
in creak between speakers with and without depression, F0
produced during modal and creaky voice were included in the
statistical analysis. In addition, differences in the proportion
of creaky voice between speakers with and without depression
were examined statistically, despite not being hypothesised.

To test F0 differences between speakers with and without
depression, one linear mixed model and two generalised lin-
ear mixed models were constructed. The response variable F0
was modelled using a linear mixed model with Gaussian family.
The response variable F0 Variation was modelled using a gen-
eralised linear mixed model with Gamma family, as F0 Varia-
tion had a right-skewed distribution. The presence of creak was
modelled using generalised mixed model with binomial fam-
ily with the response variable Creaky (modal F0 coded as 0,
creaky F0 coded as 1). In all models, the independent variable
was Depressed (categorical, comparing “With Depression” to
the baseline “No Depression”) with a by-participant random ef-
fect to account for intraspeaker variation, such as age, puberty,
and sexual orientation. All models were constructed using the
lme4 library in R; p-values were calculated with the lmerTest li-
brary using Satterthwaite’s degrees of freedom method [30, 31].

3. Results
Speakers with and without depression did not show a significant
difference in F0 and F0 variation (F0: β = −1.45 Hz, t12.71 =
−0.11, p = 0.911, Fig. 2; F0 variation: β = −0.01 Gamma-
transformed Hz, t0.01 = −1.31, p = 0.19, Fig. 3).

Speakers with depression produced a significantly higher
proportion of creaky voice compared to speakers without de-
pression (β = 3.92%, z1.59 = 2.46, p = 0.0138, Fig. 4). Four
out of seven speakers with depression produced bimodal F0
distribution and three produced unimodal distribution. Out of
the three speakers with depression producing unimodal distribu-
tion, one produced F0 values below the 132 Hz threshold rated
as creaky, and two did not produce F0 values rated as creaky at
all. All seven speakers without depression produced unimodal
F0 distribution, with two producing values below the threshold
of creaky voice, and five producing F0 rated as modal.

4. Discussion
The study aimed to test if F0 markers of depression were
present in the FPS corpus of Australian adolescents. Adoles-

Figure 2: F0 produced by speakers with and without depression;
random effect of speaker not visualised.

cents reporting symptoms of depression were hypothesised to
produce lower and less varied F0. Contrary to the hypotheses,
we did not find differences in overall F0 or in F0 variation be-
tween speakers with and without depression. That is, lowered
and less varied F0 symptoms were either not present in the cur-
rent sample of the FPS corpus or were too small to discover.

Changes in F0 accompanying depression are expected have
small effect size, as shown by the inconsistent F0 differences in
the literature [4]. In our study, small effects of depression could
have been masked by other factors, such as more robust puberty
related differences. Although groups with and without depres-
sion were balanced for age, adolescents may not go through pu-
berty at the same time, thus, one group may have more speakers
who have reached puberty than the other. The potential effects
of sexual orientation may also mask F0 symptoms of depression
if adolescents reporting diverse sexual orientation use lower and
less varied F0 [19, 20]. However, effects of sexual orientation
cannot be reliably tested in the current sample.

Exploratory analysis revealed that adolescent female speak-
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Figure 3: F0 variation produced by speakers with and without
depression; random effect of speaker not visualised.

Figure 4: Percentage of F0 estimates below the cutoff-point of
creak relative to the total number of F0 estimates per group;
random effect of speaker was not visualised.

ers with depression produced a higher proportion of creaky
voice compared to the speakers not reaching the threshold of
depression. That is, depression may be marked by intra-speaker
variation as speakers lower their F0 relative to themselves using
creak rather than relative to their peers without depression. Low
open quotient, another characteristic of creaky voice, has also
been identified as a speech marker of depression [32, 33]. In
contrast, when voice quality was captured using harmonics-to-
noise ratio and jitter, increased depression severity was marked
by aspiration and breathiness, indicating breathy, rather than

creaky voice [9]. Results on voice quality as a marker of de-
pression are difficult to compare between studies due to lack
of standardisation in extraction techniques [4]. Future research
may examine depression and creak using a variety of acoustic
characteristics of creaky voice [33].

As F0 produced during creaky voice is lower than F0 pro-
duced during modal voice [33], increased creak among speak-
ers with depression could have resulted in the expected over-
all lower F0. Despite the increase in creak, F0 lowering was
not observed, potentially due to the relatively low proportion
of creaky to modal voice (Figure 4). Low prevalence of creak
is attributed to speaker- and task effects. The current sample
only contained female speakers who are less likely to produce
creaky voice than male speakers [34]. Creak is often used a
socio-indexical marker [34]; as speech was elicited via read sen-
tences, the speakers might not have produced such markers.

The lack of difference in overall F0 and F0 variation is
inconsistent with F0 differences contributing to the success-
ful classification of speech as belonging to speakers with and
without depression [12, 13]. However, increased presence of
creaky voice may also contribute to automatic depression de-
tection via the acoustic correlates of creak, such as low and ir-
regular F0, high noise, or high harmonics-to-noise ratio [33].
Future research developing automatic depression screening al-
gorithms using the FPS corpus is required to identify the most
suitable speech features for automatic depression classification
in the FPS corpus. As automatic classification algorithms con-
sider multiple features rather than just F0, F0 and creak may be
suitable to classify speakers as depressed or not depressed when
combined with other speech factors.

The main limitation of the current study is the small sam-
ple size. While the overall corpus is large, containing 14,498
sound files from 1,062 participants, only 70 sentences from 14
participants were analysed in the current study. The number of
suitable speakers reduced substantially due to extracting only
the affective sentences and prosodic sentences tasks submit-
ted at baseline. As baseline data were collected from August
2019 to March 2022, and the second protocol containing af-
fective and prosodic sentences was introduced in April 2021,
fewer participants submitted the affective- and prosodic sen-
tences tasks compared to speech tasks from the first protocol,
such as The Rainbow passage. Although design and selection
of the affective and prosodic sentences tasks were motivated by
capturing F0 variation, a key speech symptom of depression,
the low number of speakers submitting these tasks is likely to
have contributed to the null results. Future research may ex-
plore the use of other speech tasks, for instance The Rainbow
passage, to examine the links between F0, F0 variation, creak,
and depression in the FPS corpus.

5. Conclusion
We analysed F0 differences between AusE-speaking adolescent
female speakers with and without symptoms of depression us-
ing the Future Proofing Study corpus. The speakers included in
this study did not exhibit differences in overall F0 or F0 varia-
tion. It is possible that the relatively small effects of depression
on F0 were masked by other, more robust factors, such as pu-
berty. Speakers with depression; however, produced a higher
proportion of creaky voice. Future work will expand the cur-
rent analysis to test differences in the use of creaky and modal
voice between speakers with and without depression using more
data from the Future Proofing Study Corpus.
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